INTRODUCTION {#sec1-1}
============

The loss of cervical tooth structure in the absence of caries is termed as a non-carious cervical lesion (NCCL), stress-induced cervical lesion, or abfraction (AF).\[[@ref1]\] These lesions vary from shallow grooves to broad dished-out lesions or large wedge-shaped defects, with sharp internal and external line angles.\[[@ref1][@ref2]\] AF means 'to break away'\[[@ref3]\] and the term is derived from the Latin words '*ab*,' or 'away' and '*fractio*,' or 'breaking' by Grippo\[[@ref4][@ref5]\] It is usually observed on the buccal surface at the cementoenamel junction (CEJ) of the teeth, with prevalence ranging from 27 to 85%.\[[@ref6]\]

HISTORY {#sec1-2}
=======

The origin of non-carious cervical lesions (NCCLs) was revealed when Miller published an article in 1907, on experiments and observations on the wear of teeth variously designated as erosion, abrasion, chemical abrasion, denudation, and so on.\[[@ref7]\] The concept that occlusal loading could cause cervical stress, resulting in loss of cervical tooth structure, began evolving in the late 1970s.\[[@ref8][@ref9][@ref10]\] Historically, NCCLs have been classified according to their appearance: Wedge-shaped, disk-shaped, flattened, irregular, and figured areas.\[[@ref1]\]

The term 'abfraction' has evolved from the studies by McCoy,\[[@ref8]\] Lee and Eakle,\[[@ref9]\] and Grippo.\[[@ref4]\] It is described as a theoretical process by which occlusal forces create stresses in enamel and dentin along the cervical area and predispose it to erosion and abrasion. In the early 1980s, McCoy\[[@ref8][@ref11]\] questioned the role of toothbrush abrasion in the etiology of what previously had been referred to as 'cervical erosion.' Thus, McCoy,\[[@ref8][@ref11]\] and in the early 1990s, Grippo,\[[@ref12]\] proposed that bruxism may be the primary cause of angled notches at the CEJ.

Grippo\[[@ref12]\] concluded that the flexure resulted in damage to the enamel rods at the CEJ, resulting in their loosening and consequent flaking away of the tooth structure. He named this type of damage 'abfraction' in his article published in 1991. He suggested that AF is the basic cause of all NCCLs, whereas, Lee and Eakle\[[@ref9]\] proposed a multifactorial etiology, with a combination of occlusal stress, abrasion, and erosion. Spranger\[[@ref13]\] supported the multifactorial etiology of the cervical lesions and suggested that the wear was related to the anatomy, the distribution of forces calculated from the elastic deformation studies, development of caries, and occlusion and parafunction.

TERMINOLOGY {#sec1-3}
===========

Grippo\[[@ref14]\] has defined AF as the pathological loss of tooth substance caused by the biomechanical loading forces that result in flexure and failure of enamel and dentin at a location away from the loading. He first used the term 'abfraction' to refer to a process of cervical tooth structure loss, based on a study completed by McCoy\[[@ref8]\] and Lee and Eakle.\[[@ref9]\]

The contradictory terminologies for AF used in the literature reflect that the real etiology of AF remains obscure. Miller *et al*.,\[[@ref15]\] stated that NCCLs are also called AF. This statement is misleading because NCCLs have a variety of possible etiologies, of which AF may be the primary one. It is also important to differentiate the term 'stress corrosion' from 'AF'. Stress-corrosion refers to the synergistic effects of stress and corrosion acting simultaneously.\[[@ref16]\]

According to Pindborg,\[[@ref17]\] abrasion is the loss of tooth substance from factors other than tooth contact. Perceptions relating to the importance of abrasion are geographically polarized and conflict arises from a differing interpretation of the definitions relating to the etiology of tooth wear.\[[@ref18]\]

Of late, new terms have been introduced to describe tooth wear. 'Biodental engineering factors'\[[@ref19]\] have been defined as the effect of piezoelectricity\[[@ref20]\] at the cervical area, and 'stress corrosion'\[[@ref16]\] has been used to describe a multifactorial physiochemical degradation of the CEJ area. The 'dental compression syndrome' is tooth deformation related to malocclusion, parafunctional habits, and temporomandibular joint disorders.\[[@ref21]\] It is important that oral health professionals understand that abfraction is still a theoretical concept, as it is not backed up by appropriate clinical evidence.\[[@ref22]\]

ETIOPATHOGENESIS {#sec1-4}
================

It has been suggested that when a tooth is hyperoccluded, the masticatory forces are transmitted to this tooth, which in turn transfers this energy to the cervical region.\[[@ref23][@ref24][@ref25][@ref26]\] However, Gibbs *et al*.,\[[@ref27]\] found that the occlusal force during swallowing and mastication is only approximately 40 percent of the maximal bite force. According to Suit *et al*.,\[[@ref28]\] tooth contact occurs, on an average, for only 194 milliseconds during mastication and for 683 milliseconds during swallowing.

Lateral force produces compressive stress on the side toward which the tooth bends and the tensile stress is on the other side. These stresses create microfractures in the enamel or dentin at the cervical region. These fractures propagate in a direction perpendicular to the long axis of the tooth, leading to a localized defect around the CEJ.\[[@ref26][@ref29]\]

McCoy\[[@ref8]\] proposed that bruxism could be the primary cause for abfraction, and tooth flexure from tensile stresses led to cervical tooth breakdown. Later, Lee and Eakle\[[@ref9]\] hypothesized that the primary etiological factor in cervical lesions was the impact of tensile stress from mastication and malocclusion. The lesion is formed by combined bending and barreling deformations. This leads to alternating tensile and compressive stresses, resulting in weakening of the enamel and dentin. If the forces reach a fatigue limit, the tooth cracks or breaks. At the same time, the opposite region is under compressive stress. When the direction of the force changes, the tooth bends in the opposite direction, and the stresses correspondingly reverse at this cervical area. Thus, side-to-side bending of the tooth results in fatigue and fracture of the most-flexed zone. These interocclusal forces create physical microfractures or abfractions at the cervical region \[Figures [1](#F1){ref-type="fig"}--[2](#F2){ref-type="fig"}\].

![Normally directed occlusal forces on the mandibular molar showing no changes in the cervical region](JOMFP-17-222-g001){#F1}

![Etiopathogenesis of abfraction](JOMFP-17-222-g002){#F2}

Enamel is weak in tension,\[[@ref30]\] and thus, the tensile forces may cause disruption of the hydroxyapitite (HA) crystals, allowing water and other small molecules to penetrate between the prisms and prevent re-establishment of the interprismatic bonds on release of the stress. Lee and Eakle\[[@ref31]\] suggested that the cervical fulcrum area of a tooth might be subject to unique stress or torque resulting from occlusal function and parafunctional activity. These flexural forces then disrupt the normal crystalline structure.\[[@ref13][@ref31][@ref32]\] This process renders these HA crystals more susceptible to chemical and mechanical destruction, and thus, result in AF. Ultimately, the enamel breaks away at the cervical margin and exposes the dentin, and the process continues in this manner.\[[@ref1]\]

THEORY OF ABFRACTION {#sec1-5}
====================

The theory of AF is based primarily on engineering analyses that demonstrate theoretical stress concentration at the cervical areas of the teeth. Few controlled studies demonstrate the relationship between occlusal loading and AF lesions. The role of occlusal loading in NCCLs appears to be part of a multifactorial event that may not necessarily follow the proposed classic AF mechanism.

Nearly all the research on the relationship between occlusal forces (bruxing) and cervical lesions shows that teeth do indeed flex in the cervical region under bruxing loads, but none seem to cite the actual damage caused by this deformation without an abrasive or erosive component being applied as well. Nevertheless, the AF theory argues that bruxing forces alone can cause the erosion of the tooth structure on the buccal surface, especially in the cervical region.\[[@ref7]\]

Many dispute the theory of AF, blaming this type of damage on what is commonly called 'toothbrush abrasion'.\[[@ref9]\] This harks back to the early study of Miller, in 1917. However, it has been confirmed in the more recent studies by Abrahamsen,\[[@ref33]\] which have shown that toothpaste (not the toothbrush) is abrasive enough to cause this type of damage if the patient is too aggressive in brushing the teeth in a very hard and vigorous 'sawing' motion. Abrahamson suggests that the term 'toothbrush abrasion' be replaced with the term 'toothpaste abuse'.\[[@ref9][@ref33]\]

His studies using mechanical 'tooth brushing' machines have shown that the toothbrush alone does not cause this type of tooth damage, but the addition of toothpaste to the bristles does. Toothbrushes without toothpaste do cause soft tissue damage, and indeed, overly vigorous brushing of teeth without toothpaste leads to gingival recession.\[[@ref33]\]

Grippo\[[@ref4]\] has suggested that AF is the basic cause of all NCCLs. There is some evidence supporting the tooth flexure theory: Presence of class V non-carious lesions in some teeth, but the adjacent teeth (not subjected to lateral forces) are unaffected;\[[@ref7][@ref14]\] the lesions progress around restorations that remain intact and under the margins of complete crowns;\[[@ref14]\] the lesions are rarely seen on the lingual aspect of the mandibular teeth.\[[@ref7]\] However, other studies have proposed a combination of occlusal stress, parafunction, abrasion, and erosion in the development of lesions, leading to a conclusion that the progression of AF may be multifactorial.\[[@ref13][@ref31]\]

Romeed *et al*.,\[[@ref34]\] investigated the biomechanics of abfraction lesions in the upper canine teeth under axial and lateral loading conditions, using a three-dimensional finite element analysis. It was found that the stresses were concentrated at the CEJ in all scenarios. Lateral loading produced the maximum stress, greater than axial loading, although the pulp tissues experienced minimum levels of stress.

Thus, the theory of AF is not yet proven. The evidence against the theory of AF is as follows:\[[@ref7]\]

Few studies demonstrate that the occlusal loading is related to the AF lesionsBuccal surface is the most affected, while the lingual surface is the least affected. If flexure of the teeth is responsible, there would be equal damage to both buccal and lingual surfacesThere is little or no evidence of these lesions in prehistorical skulls. NCCLs are found in historical skulls of the sixteenth century (after the invention of tooth powders and toothbrushes)Buccal surfaces of the premolars and the canines demonstrate worse lesions, as patients are likely to place the most brushing force on these surfaces. The lesions are progressively worse from the posterior to the anterior teethThe damage does not progress beyond the gingival crest (instead of at the crest of the bone), which is where the theory suggests the flexure should be the worstNot all persons with the lesions demonstrate occlusal wear (bruxing), and not all persons with severe occlusal wear exhibit NCCLsMany cases show the absence of an antagonist to the affected tooth. If the damage continues, or the damage begins after the extraction of the antagonist, then bruxing cannot be the cause.

CLINICAL FEATURES {#sec1-6}
=================

Abfraction lesions present primarily at the cervical region of the dentition and are typically wedge-shaped, with sharp internal and external line angles \[[Figure 3](#F3){ref-type="fig"}\]. Subgingival lesions have also been observed.\[[@ref1]\] In theory, the shape and size of the lesion are dictated by the direction, magnitude, frequency, duration, and location of forces that arise when the teeth come in contact.\[[@ref35]\]

![Abfraction showing various degrees of severity](JOMFP-17-222-g003){#F3}

Lee and Eakle\[[@ref9]\] first described the characteristics of the lesions resulting from tensile stresses. They concluded that an AF lesion should be located at or near the fulcrum in the region of greatest tensile stress concentration, be wedge-shaped, and display a size proportional to the magnitude and frequency of the tensile force application \[[Figure 3](#F3){ref-type="fig"}\].

They proposed that the direction of the lateral forces acting on a tooth, determines the location of the lesion. Two or more lateral forces result in an NCCL composed of two or more overlapping wedge-shaped NCCLs. AF is postulated to be responsible for the chronic sensitivity of the teeth to cold foods and liquids.\[[@ref9][@ref22]\]

Non-carious cervical lesions are very common on the anterior and premolar teeth, because of the smaller size of the teeth,\[[@ref35][@ref36]\] and are more frequently found on the buccal or lingual surfaces due to the direction of the occlusal or incisal loads, the angling and asymmetry of the tooth buccal--lingual plane, and its relationship with the supporting alveolar bone.\[[@ref37][@ref38]\]

The Tooth Wear Index proposed by Smith and Knight\[[@ref39]\] is the most accepted index to categorize tooth wear in the cervical region, and it is as follows:

The classifications on this index are as follows \[[Figure 4](#F4){ref-type="fig"}\]:

0 = No change in contour

1 = Minimal loss of contour

2 = Defect \<1 mm deep

3 = Defect 1 mm to 2 mm deep

4 = Defect \>2 mm deep, or pulp exposure, or exposure of secondary dentin.

![Tooth Wear Index proposed by Smith and Knight](JOMFP-17-222-g004){#F4}

The following clinical points can be used to diagnose abfraction:

NCCL involving a single tooth \[[Figure 3](#F3){ref-type="fig"}\] (toothbrush abrasion involves multiple teeth)Malposed involved toothFaulty restoration of an antagonistPresence of a cervical lesion below the gingival margin, the area which is normally protected from abrasive actionHistory of bruxism or parafunctional habits.

TREATMENT {#sec1-7}
=========

Determination of the activity of an AF lesion can be done by using No. 12 scalpel blade. Loss of a scratch made by the blade signifies an active AF lesion. In an attempt to reproduce the phenomenon of stress distribution in teeth and their anatomic support structures, a variety of methodologies have been used.\[[@ref3]\] The engineering studies cited by McCoy\[[@ref8][@ref11]\] and Lee and Eakle\[[@ref9]\] employed finite elemental analysis (FEA), or photoelastic methods. They used computerized geometric or plastic models, respectively. By using FEA, each factor can be rapidly modified and the stress distribution can be investigated in two-dimensional (2D) or three-dimensional (3D) models.\[[@ref38]\]

When an AF lesion is less than 1 mm in depth,\[[@ref22]\] only monitoring at regular intervals is sufficient. Restoring NCCLs improves the maintenance of oral hygiene by the patient. It also helps in decreasing thermal sensitivity, improving esthetics, and strengthening the teeth. Along with restoration, a variety of treatment strategies have also been proposed like occlusal adjustments, occlusal splints, elimination of parafunctional habits,\[[@ref14][@ref40]\] altering tooth brushing techniques, and the like.

For restoring AF, many materials and techniques have been tried to date. The following materials are indicated for restoring the lesions: Glass Ionomer cements (GICs), Resin-Modified GICs (RMGICs), Polyacid-modified resin-based composites (compomers), composite resins, and a combination of the techniques.\[[@ref41][@ref42][@ref43]\] According to Tay,\[[@ref44]\] RMGIC should be the first preference. An RMGIC/GIC liner or a base with a resin composite should be used wherever esthetics is required.

The most important criterion for restoration is that of retention. Clinical studies have shown that restorations of AF lesions have a higher percentage of failure in the cervical area.\[[@ref45]\] Restorations tend to pop off due to the constant deformation of the tooth structure caused by parafunctional habits. As these lesions implicate enamel and dentin margins, they represent a challenge to the dental profession. Heymann *et al*.\[[@ref46]\] reported the association of occlusion, tooth location, and patient\'s age, with loss of retention, while others blame the technique, marginal shrinkage, properties of the bonding agent, and inadequate adhesive resin thickness for the retention loss.\[[@ref47][@ref48][@ref49][@ref50][@ref51][@ref52]\]

Dental hard structures react independently to masticatory stresses. Dentin shows low compressive and high tensile stresses at the CEJ, while enamel demonstrates a reverse trend.\[[@ref53]\] Dentin is subjected to continuous changes in composition and microstructure, owing to both physiological and pathological influences.\[[@ref54][@ref55][@ref56]\] NCCLs exhibit an increased amount of sclerotic dentin and thus have low permeability and hypermineralization, resulting in a surface that is unsuitable for adhesive bonding agents.\[[@ref57][@ref58]\] NCCLs facilitate further tooth structure deterioration because of stress concentration.

The current adhesive systems interact with the enamel/dentin using two different techniques; either the etch-and-rinse technique or the self-etch technique. The main reason for the failure of restoration is, difficulty in gaining and maintaining a good seal between the restoration and tooth at the margin.\[[@ref3][@ref59]\] The retention rate for restorations with a lower elastic modulus may be significantly better than that for a material with a higher elastic modulus.\[[@ref46]\]

Microfilled composites demonstrated a greater elasticity than hybrid composites. Most of the transferred energy was absorbed by the restoration rather than transmitted to the dentin-restoration interface.\[[@ref26][@ref43][@ref46]\] However, no significant difference was found in the parameters of retention, recurrent caries, staining or color match in a study comparing GICs and composites, but there was greater surface roughness in the GIC restorations.\[[@ref60]\] Matis *et al*.,\[[@ref61]\] found that retention was the same for GIC and microfilled resin. GICs were found to perform better than the composites\[[@ref62][@ref63]\] because of their greater resilience in allowing the material to flex with the tooth. RBGICs give better esthetic results than conventional GICs.\[[@ref60]\]

Archaeological importance {#sec2-1}
-------------------------

Studies on precontemporary populations showed an absence of NCCLs in them. No NCCLs were seen in Ancient American skulls or prehistoric and historical skeletal remains from the south of France.\[[@ref64][@ref65]\] Interproximal cervical grooving has been observed in pre-contemporary Australian Aboriginals. The lesions were suspected to result from passing an animal tendon between the teeth).\[[@ref66]\] Thus, the population demonstrated lack of NCCLs.\[[@ref67]\] NCCLs are found in the historical skulls of the sixteenth century, that is, after the invention of tooth powders and toothbrushes.\[[@ref7]\]
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